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As a microtubule-organizing center, the centrosome undergoes a dramatic increase in size — via expansion
of the pericentriolar material — during mitosis. Recent work reveals shared assembly properties of a protein
scaffold that facilitates and supports this expansion, a process critical to spindle assembly.The centrosome serves as the major
site of microtubule nucleation and
organization during interphase. Upon
mitotic entry the centrosome increases
in size and microtubule-nucleating
capacity. This process, termed
centrosome maturation, thereby
promotes the formation of a robustmitotic
spindle, itself required for accurate
chromosome separation into the two
progeny cells. Defects in this process are
associated with genomic instability and
are frequently observed in a range of
tumor types.
The microtubule-nucleating capacity
of centrosomes originates from the
pericentriolar material (PCM) thatsurrounds the pair of centrioles. In
contrast to the beautiful nine-fold
symmetrical array of microtubules that
gives centrioles their distinctive structure
as visualized by electron microscopy, the
PCM has been described as ‘featureless’,
‘an amorphous cloud’, and ‘a
proteinaceous halo’. Lack of higher-order
PCM structure has made it difficult to
delineate a PCM assembly pathway akin
to that established for centriole formation.
The use of super-resolution microscopy
in human and Drosophila cells revealed,
however, that the interphase PCM
is in fact highly organized, with
pericentrin/pericentrin-like-protein (PLP)
forming fibrils that extend away from themother centriole [1,2]. Other PCM
components then fill the area defined by
these fibrils. Mitotic centrosomes lack this
level of PCM organization, although
proteins do occupy distinct domains,
suggesting some sort of spatial
organization [1]. Indeed, it is thought that
the expanded mitotic PCM is too large to
be organized by the single layer of
pericentrin/PLP and that instead the
assembly of a PCM scaffold underlies its
expansion.
The first evidence for a PCM scaffold
came from purified mitotic centrosomes
from Drosophila and the Atlantic surf clam
Spisula solidissima. These centrosomes
contained intact centrioles surrounded by
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Figure 1. PCM expansion in mitotic cells occurs via the assembly of a protein scaffold.
(A) Recombinant SPD-5 in vitro is able to form porous networks in a concentration- and time-dependent
manner. Assembly of these networks is enhanced in the presence of PLK-1 and SPD-2. Only SPD-5 that is
assembled in networks is able to recruit PCM proteins, including PLK-1 and SPD-2. (B) After
photobleaching in C. elegans embryos, a substantial amount of SPD-2 recovers, suggesting it is a
dynamic PCM component. The limited amount of SPD-5 that recovers does so to the same region that
it previously occupied. Therefore, SPD-5 is stably incorporated throughout the mitotic PCM. (C) In
Drosophila embryos, as demonstrated by FRAP experiments, Spd-2 initially recovers to a central region
around the centriole from where it moves outwards. Cnn also recovers firstly to a central region before
moving outwards, then flares away from the centrosomes along microtubules. This suggests that the
PCM scaffold is highly dynamic in these cells. (D) Similar to the situation in Drosophila embryos, after
photobleaching in Drosophila larval brain cells Spd-2 is recruited to a central region around the
centriole before moving outwards. In contrast, Cnn recovers to the same region that it previously
occupied and does not move outwards. This suggests that Cnn forms a stable PCM scaffold structure
in brain cells.
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Dispatchesan extensive salt-resistant matrix that was
capable of recruiting PCM components
[3,4]. Early insights into the molecular
composition of a PCMscaffold came from
the identification of two key centrosomal
proteins, Spd-2 and Centrosomin (Cnn) in
flies and SPD-2 and SPD-5 in worms,
which together form a scaffold around the
mother centriole that recruits other PCM
components [5–9]. Indeed, utilizing an
in vitro PCM assembly system, Woodruff
et al. [10] recently reported that
recombinant SPD-5 polymerizes in a
concentration- and time-dependent
manner to form micrometer-sized porous
networks. Furthermore, only SPD-5
assembled into networks could function
as a scaffold to recruit other PCM
proteins. It therefore appears that the
regulated polymerization of SPD-5 is vital
for both PCM expansion and binding
capacity (Figure 1A).
In vertebrate cells Polo-like kinase 1
(Plk1) activity is required for centrosome
maturation, and in worms SPD-2, SPD-5
and PLK-1 only interact together within
the PCM [7,11,12]. Woodruff et al. [10]
identified multiple PLK-1 phosphorylation
sites in SPD-5 that when mutated
prevented mitotic PCM expansion,
suggesting a conserved role for PLK-1 in
this process. Moreover, the assembly of
in vitro SPD-5 networks was accelerated
in the presence of PLK-1 due to direct
phosphorylation of SPD-5. Network
assembly was also enhanced in the
presence of SPD-2, although assembly
was most efficient in the presence of both
SPD-2 and PLK-1. A cooperative role for
SPD-2 and PLK-1 in in vitro SPD-5
network assembly is consistent with both
proteins being required for centrosome
maturation in vivo and gives further weight
to these proteins driving expansion of the
PCM scaffold (Figure 1A). Indeed, SPD-2
has been shown to both target PLK-1
to the centrosome and limit centrosome
size [13].
Two studies published in this issue of
Current Biology provide important new
insight into the dynamic behavior of this
PCM scaffold through detailed
spatiotemporal measurement of SPD-2,
Cnn and SPD-5 recruitment to mitotic
centrosomes [14,15]. Scaffold proteins
are expected to display no exchange with
the cytoplasmic pool once incorporated
into centrosomes as the scaffold is a
stable structure, capable of resistingCurrent Biology 25, R654–R676, August 3, 2015 ª2015 Elsevier Ltd All rights reserved R657
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Dispatchesstrong spindle microtubule forces. To test
this hypothesis, Laos et al. [14] performed
fluorescent recovery after photobleaching
(FRAP) of GFP–SPD-5 and GFP–SPD-2 in
metaphase-arrested Caenorhabditis
elegans embryos. Very little recovery was
observed for SPD-5, whilst SPD-2
displayed substantial exchange with the
cytoplasmic pool. Therefore, SPD-5 is
likely to be a structural or PCM lattice
component, whereas SPD-2 is a more
dynamic component.
The role centrioles play in the
recruitment and organization of the PCM
is poorly understood. To address this
issue, Laos et al. [14] compared the
post-bleach profile of GFP–SPD-5 with
the pre-bleach distribution. In theory, new
SPD-5 molecules could incorporate
specifically at centrioles, throughout the
PCM volume, or just at the PCM
periphery. Laos et al. found that the
post- and pre-bleach distributions
matched exactly, demonstrating that
additional SPD-5 is incorporated
throughout the PCM (Figure 1B).
However, the situation in flies seems to be
a little more complex. Previously, in
embryos, both Cnn and Spd-2 were
shown to be initially recruited into a
central region from where they
subsequently moved outwards [5,6,16]
(Figure 1C). To address whether this
behavior was specific to embryos or
whether it also occurred in other cell
types, Conduit and Raff [15] performed
FRAP of Spd-2–GFP and GFP–Cnn at
centrosomes in mitotic larval brain cells.
Both proteins recovered, albeit with
slower dynamics than at embryonic
centrosomes, with Spd-2 recovering
faster than Cnn. Additionally, comparison
between the shapes of the recovery
profile for each protein revealed a striking
difference with regard to the region of the
PCM to which each component was
being recruited. Spd-2 initially recovered
at a central region in the PCM before
spreading outwards; Cnn recovered
evenly throughout the PCM region that it
had occupied prior to photobleaching and
was not seen to spread outwards
(Figure 1D). Together, these results
suggest that the PCM scaffold is a more
dynamic structure in Drosophila embryos
compared with either Drosophila brain
cells or worm embryos.
Further analysis revealed additional
differences between these PCMR658 Current Biology 25, R654–R676, Auguscomponents in Drosophila embryos and
brain cells. Comparison of the pre-bleach
and initial recovery profiles showed that
Cnn was more widely dispersed in
embryos than in brain cells via a
microtubule-dependent process that the
authors term ‘centrosomal flaring’, which
appears to be absent in brain cells
[5,15,17,18] (Figure 1C,D). By contrast,
the pre-bleach and initial recovery profiles
for SPD-2 were the same in embryos and
brain cells. It was therefore concluded
that SPD-2 undergoes centrosomal flux,
incorporation into the centriole region
followed by movement outwards,
independently of microtubules, in both
cell types.
This difference in the behavior of Cnn
may explain why the outward movement
of Cnn-like proteins has not been
reported in other systems. Based on its
requirement for centrosome lattice
assembly and the fact that it is also
phosphorylated by PLK-1, SPD-5 is
assumed to be the functional homologue
of Cnn in worms, yet Laos et al. [14] did
not report centrosomal flaring or its
equivalent in C. elegans embryos.
However, the findings in flies do provide a
model for mitotic PCM expansion that
occurs in both embryos and brain cells:
Spd-2 assembles around the mother
centriole, then moves outwards, where it
helps to recruit other PCM components,
including Cnn and Polo; Cnn then
becomes phosphorylated by Polo,
leading to the formation of a multimeric
Cnn scaffold [5,6,15]. This scaffold allows
more Spd-2 and Polo to accumulate,
creating a positive feedback loop that
allows more Cnn to be incorporated,
thereby expanding the PCM scaffold
away from the mother centriole.
In C. elegans SPD-2 limits centrosome
size by controlling centrosomal growth
rate: if cellular SPD-2 levels are increased,
centrosomes grow bigger [13]. SPD-2
acts to limit the amount of PLK-1 that is
targeted to centrosomes. If PLK-1
levels are decreased, growth rate also
decreases. Thus, SPD-2 and PLK-1 play a
similar role in worms as their homologues
do in flies. That SPD-2 and PLK-1 support
the formation of a SPD-5 scaffold in
C. elegans [10,13] suggests further
conservation in the PCM expansion
mechanism between these species, even
if the underlying scaffold component is
somewhat different. It remains to be seent 3, 2015 ª2015 Elsevier Ltd All rights reservedwhether SPD-2 is also recruited to a
central position before moving outwards
to facilitate the expansion of the PCM in
worms as it does in flies, although the high
concentration of SPD-2 around centrioles
in C. elegans may render this difficult to
discern.
It is unclear whether a mitotic PCM
scaffold underlies PCM expansion in
vertebrate cells. CDK5RAP2 and
CEP192 — the homologues of Cnn and
SPD-2 — are required for centrosome
maturation in mammalian cells [19,20]
and are thus obvious candidates for a role
in scaffold assembly if such a structure
exists in these cells. Overexpression of
CDK5RAP2, or pericentrin, in interphase
cells can drive expansion of the PCM
lattice, whilst overexpression of CEP192
cannot [1]. This does not necessarily rule
out a role for CEP192 in mitotic PCM
expansion, as its phosphorylation in
mitosis is likely required for its recruitment
during centrosome maturation. That
pericentrin is required for the recruitment
and anchoring of many PCM
components, including CDK5RAP2,
suggests that the fibrils it forms in the
interphase PCM might be important for
PCM expansion in mitosis. It will therefore
be interesting to determine how PCM
organization in interphase serves as a
foundation for mitotic PCM scaffold
formation.
Althought the exact mechanisms
behind mitotic PCM assembly remain far
from clear, a better understanding of the
mechanism of construction of a molecular
scaffold that underlies PCM expansion is
starting to emerge. It will be of interest to
see whether the differences observed in
PCM assembly dynamics relate to cellular
function and cell-type diversity, and how
these differences arise at the molecular
and structural levels. In addition,
establishing whether vertebrate cells form
a similar scaffold, along with delineation
of the process, will yield important
insights into the spectrum of human
disorders that derive from mutations in
PCM proteins.REFERENCES
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Parthenogenesis — the ability to produce offspring from unfertilized eggs — is widespread among
invertebrates and now increasingly found in normally sexual vertebrates. Are these cases reproductive
errors or could they be a first step in the emergence of new parthenogenetic lineages?The phenomenon of virgin birth has long
fascinated scientists and laymen alike.
The first account of parthenogenesis in
the literature is the prophecy of Jesus
Christ’s birth in Isaiah 7:14: ‘‘Therefore the
Lord himself will give you a sign: The virgin
will conceive and give birth to a son, and
will call him Immanuel’’. This reference to
parthenogenesis is unusual in two ways:first, it is the only account of ‘natural
parthenogenesis’ in a mammal. Mammals
are believed to be completely unable to
reproduce via parthenogenesis because
of a number of developmental and genetic
constraints [1]. Second, while the
‘‘Blessed Virgin Mary’’ might have been
able to conceive a daughter via
parthenogenesis, the conception of ason is highly unlikely. As male sex in
humans is determined by genes on the
Y chromosome, Mary, as a woman,
could not have transmitted any
Y chromosomes to her offspring. In
contrast to humans, parthenogenetic
production of sons is expected in species
with other types of sex determination.
For example, in birds, some reptiles and2015 Elsevier Ltd All rights reserved R659
